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(54) NONAQUEOUS SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a flat nonaqueous secondary battery with high capacity, 
a long cycle life, and excellent low temperature characteristics. 

SOLUTION: This nonaqueous secondary battery has a flat shape; an energy capacity of 30 Wh 
or more; a volume energy density of 180 Wh/I or more; a positive active material of a mixture 
represented by formulae (1) and (2): LixMn2-yMAy04+z (1), [MA is Mg, Al, Cr, Fe, Co, and Ni]; 
LiaNibMBc02 (2), [MB is Co, Al, and Mn]; a negative active material of a mixture of double 
structure graphite particles and mesocarbon microbeads, absorbing Li of 200-255 mAh per 1 g 
of an active material in full charge; the nonaqueous electrolyte containing a mixed solvent of 
ethylene carbonate EC, ethyl methyl carbonate EMC, and diethyl carbonate DEC, having a 
volume of EMC and DEC of 50-90% of the total solvent volume, and a volume of DEC of 10-40% 
of the total solvent volume. 
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t^-C#^„ 0>Jx.tf, LiPFn „ LiC10 1% LiBF 4 , LiAsF. , 
LiSbF.ft if &M*<1rZ>-bfrXZ, LiPF 6 „ LiE-F, -$S/f?£ 40 
LV\ 

[0 0 6 7] -hfHtf>#7k56®ft?«|-±, zc=f-\s^>jj— 
— h (EC) „ x.*?-;U*=?-/1>3j— KEMC)*J«t Vi?! 
7vw#-5#*- KDEC)A>f>^5iS^^5r-&tPc 

[0 0 6 8] EC, EMC*5j;t/DEC*»e>?iSil-&^(c:*Dtt 

at-fc o „ &&v< «55~85%sa-efc t) , j; <o ma l 

< tt60~80%SS-C*>5o EMCirDEC<^ff#®fa s 4>ft-t- 

Ec*s<sta-e5>«?iHL j ?'-r< 50 
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ftmmm-r s t , -iot:uiT<o{&taic*3(t smf&ro&s 
[oo69] DEc<D&mi-t. &mmfrffiv>mmo%~~4o 

%g«T?S)5 e DECCOf^©2)5^<C-r#*-5^»-tt, 50t 

sx±(omm. 5 -y--c 7 as-KT-r £ -te^-ft-as *> 

5„ 50%Sr^x-5#-&l-li, -iot:WT»{6;®^ 

[0070] ^*j-u^i3-x*-v<nw.im\±, ±mm& 

[0 0 7 1] ^^««?SfC*5(t^y ^<7A^©igS 

/t-^fc 9 i§3?0. 5~2molS*r*fcSo 
[0 0 7 2] #7k&nMKte. %f£<DZbt£&ti>, fcft 

•rs r^TK^mftipwj k^?mm\z, &*.&mmm*s£ 

[0 0 7 3] *»W»C*iV^rfflV^S**5R«-*Ktt, 
«»i-:j£t-C, -^/^-f KSt^t-*^if(D^*q<D^p^J5r 

UTii^O. 01~5fiffl%S«T-$>S„ 
[0 0 7 4] *3SM©E«XtfA«H:, mM<V#7k%kr. 

«M4ft if Sr#« Loo, ^(Q^(M 

Wt-tt, ©^Ki:^-r>y-i:, ^(cf&CT^mtt-i: 

So 

[0 0 7 5] ^W^^-li, ^icPS^^tvf . *-*^Ji: 

lt, jj?y ^-yfctr^y ^v(pvdf). #y ra^s^ft^ 

UVfc if <0 -7 5/^^18 ;7y|^, SBR^C if (D=fJ* 

7-f y ; 77 D /WtttJIiifc if ^«»J^-C-# . ^'J^yit t'- 
y -r^(PVDF)^iis|--iW* L< , «ft, PVDF^ig'f {--C 
OOHS^CifSr^AL/Si^'aPVDF-dSJ; 9 0* Lv\ 
[0 0 7 6] ^^-roga-g-Stt, *^B^coEa*fc 

li, jE^ffi^RSrlOOSfilFBi: Lfci:#(c x a^l~30® 

■Mmm^mnoom&^b Lfct*»c, ai^i-iom-aiaj 

[0 0 7 7] igfBW'-JU SK-»-iP»C*J'v^T^*&(0*««- 

^Hie, AII»« *• s-^-r. y/7y 7 ?tif Srfisj^-TS 
n b&X-ZZo 

[0 0 7 8] jEm\z&rt zmmwn&mm-i. mcum 
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LTt>ft«?£ifeRlO()fiSg|SI-*fLT, ii^O. l~10fifi 

[0 0 7 9] WS&JS&i: LTCJu tfijxtf, 
fc°ny K^(NMP), N,N-^^fy^A7; K(DMF)ftif 

fcey^-f sr ias-e^s, 

[0080] mcmfezti-r. jEmmmmw io 

tit, #J;itf, AffiflWfcmtti: bT, #1*. 

tf. «3?s, *7-^u*mw£¥&mf e>ns. £<bic, 
[oo8i] *m&(oft7kJik~#.nM\z. ^fijLoK 

<9 «F* L < te50WhR_h@ar-C-fc ►) , jao:n*/i^— «f£ 
tt, b < I* 180Wh/l£i JiSSx <fc t) b < l*200Wh 

««ua*6*/h3v*<*> 

< *v\, 

[00 8 2] *^K0^7k^-!S)cffl:?t&fi x If««S: b 30 
T*5t), -?:<0^$ttl2nim*SSeS> ± 9 0* b < ttlOmro 

tif-f^ (*< **ttf|HI*ftSr»«fc«>fc«:aoW 
m <45) ^if<Sr#«bT, 2mn£l±&A tf^r 

cD^^^^SUtc^-rs n i: **Ji b < #5 r. £ , 
i*:&<J^ffl;?&(OiP^li N ^/i^— te&fciri:: 40 

p>tts*^j?$-c^n-r5r t*5»4 bv\ 

[0 0 8 3] *fc, #Jx. 
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Jf?###4bv\ 
[0 0 8 4] m?&SSgi:/j;S±^l&tl5l£^2tcffl^ 

*<Dffl;?aifes®w8o%w±@sro3J^j?s mm 

±®«i:-rSwi:dS»4b<. 0.3mmW±m*ti--5w 
i:^J:<J»*bV\ 4fc, EH$fcl*l«l#<D#*H\ 1mm 
WTf§«-Cfc5i<ttfS$?£b<, O^mmSlTUStk-rz 

< &5<bCD<D, ®«i<z>p^§ffias«*i>b 

[0 0 8 5] 

[0 0 8 6] *^^(CJ;Si:. >&*7k3R 

r?s>:fl;?&Sr#5 r t dsr*# So 

[0 0 8 7] UHlciS,!:, «fifcisH-«»««f14K 

[0 0 8 8] 

[008 9] jUJgtfiJ 1 

(1) Vf>J*^r>'#>'J!k&&mHk%>k b-CLi 

.. ,Mn,..Al,. ,0,, y ^•^A^.y^r/W^-g-^b^i: b 
TLiNi, . , a Coo. .sO.fci^a^tT-fcST-fe^U^T'^ 
•y^irSr^^-g-bfco ^y/--e*>5#!) 7 5"fb^ 

lSrPiSbfc. UCV^T?, ^7 y-lSr^m^ir/iST/u? 

[0 0 9 0] E^^^H^SSltli, y^t7A-7>-# 

y? ■ PVDF=73. 6 : 18. 4 : 3 : 5(y ^^A-7>- 
#^3Mg£-S£<fc:fe : y^-J-A^ -y^/U^^^bifepS 
0 : 20)i/£S<t 5W«lbfc. 
[0 0 9 1] B13-(a)IS, 3E«<Otft9?m-e;fc5„ *HJfi 
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9SI-*JV^T, Effil 0 1 a <D^ffi©(WlXW2)«: N 177 
X 130mm' TfcS. tW£<E>M2! HIKIS, ^7!J-1 

tfSS^SJv-O^^ttlSSIS 10 6a tmVbth. *<D<$ 

[00 9 2] ( 2 ) -3r\ Zlfi«i6ll«&«[^- (SBfi.^ 
"OPCG-K" , XWitfXjrS. */P®!;|l$B«[T-^T<O(002) 
ffi«OEWRI(d002)=0. 34nm5fcfi, ^SJltf) (002) ffiCOffiffl 
^(d002)=0.34nm*ax-5) , IR&Mfc> y# — tK^W 
i> a fc*— X (MCMB. ^fiStf*^ #/W§SL foS "25-2 
8" ;(002)ffi(Dffirafl(dOO2)=0.34nm*^) *S,fcU:ig«# 10 

© y f- v A©^a^s#iHig^ •) 230mAhicta^-r sft t 

[0 0 9 3] A««*'©H«?»Jt*(afttt:)tt, ~m«3g 

s/^:PVDF=64. 4:27. 6:2:6 (~fi1ti£!l|&j5i^-: II 20 
y*— stf^-f if— X=70:30) ir&Si ?|8 
iLfe, 

[0094] 8 3-(b)u, AtfosftWB-efcs. ami 

0 1 bC0^*®^(WlXW2)l4 v 133X181. 5mm 2 X*fr>Z> 0 

i^ft«s&i o 6 b^sfsutbtt, *<Dtpik\zw.mw<,<DK 

[0 0 9 5] ^bli, -h|Bi:l^«cD^^«t QfrffitZtf 

tt. «x&<0 (3) 3gO®«ia^f*C»C*JV>-C^{l!jJCiB®$ 30 
(0 2 if 1 0 1 c) o 
[0 0 9 6] (3) H2ld^-rj; 5 ±15 (1) 
»&*lfcjE«9tfc£_bSB (2) «T#^t^«10tt 
<rttfB28c)i:«\ ir^u-**tA(w- a i/^UM. 
@ttl2. 6g/m 2 ) it/<U- *#B(7tf SLf-^nWH 
m ; Sttl3.3g/m 2 )££^;fcHtfc-fev*u-— 1 0 4&fr 

^m<D^mi o i c <d£ kki^MBytd-tr^u— *#b&-ie 

fit, Sffiffl^flsSrf^SSL.^:,, ft:Jb\ tA^lO 

4 12, -fc^U-^AaSiEMJK&BU -fe^U— ***B 40 

[0 0 9 7] (4) 0 4 ir^-f-gHC, Jfi£0. 5mmtf>SUS30 
4§Sj$«£i££5mm|;:i&9, IgigSS 2 Srf^S! U ±^lfc 
iP$0.5mmWSUS304®!f5t«JCj; t)f^iaLfc 0 j<fc<^-t\ _h 

111^5 = 9 AggajEffiASK- 3 *s J; tf$B8S(D:ft««l 
^•4 (gSS»a:^6mm> 5fe«M30*aCSB) ^ffi?9#ttfc. 
E®*JiOtAH^3. 4tt, /Ky/Dfl^y^y 

[0098] (5) ±ie (3) mxftMLtzm.mffljg& 

<D&lEmMW,m 0 6 aO?t?:iESaig^-3fC, l£tz&fk. 50 
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10 6b W^:«rAfii*ST-4 IdAtb. *H^t7 

ixtzmmmm&z&mT-rfxmizi^ min^m* 
±m\zs.v \s— f-&&Lti Q &i^-c\ a^p soa&e 
mm)*»e>, mmm^f-i'^*— k ^^/u^^/u 

#-#.*-K Xtfi^t^/i'* — **- h £#^1*30:3 
5:35IC«l-g- Lfc^^lmol/lcDJiSJCLiPF, ^^ft? Lfc 
*§>£)£&}£ Lfc. tfcl^-C. ^JETfffiJfcfeffl©^ 

[0 0 9 9] (6) 25 < C C P _ C" »©?&S:2A<DmSK-C > 4. 2V 

^Em^-&tf8^fTV\ J^V^T2A(D^a;^-C3. 0V*T?*Jc 
tLfe. 

[0 10 0] (7) S?&(O^Jh«.ffl7K/i' f-SrSt"? 

fl- b , ££gl*3 **4 X 10* Pa (300Torr) <Dmi±T t 5 
J: 5 fcU aCSl2nim(c:tt"t>&V^y5:ff $0.08mmtOT/l'3: = ? 

#JP7^/PA6 5r. ?a*250~350 < C. JE^3l~3kg/cm 2 , 
*Pffi^W5~l0S><Z5^-t?fjaii!^f.i-Srilc:J:9s 

P 5 £*i^£tR Lt\ i|iS148mmX^^210mmX/f:$6.5mm 
[0 10 1] (8) SOXZ'PX^^m^m^^X t2A<DM 

ffix4.2v$.x%w.Ltt'&, 4.2v<ofemiz&mn-rz>7£m 
ffi%.mj±3En&'&m&fr$?Ti'\ ^^x2K<D^nmx3.o 
v&xttcm-fzizwtm.-v-'f?*} stiooij-w' ^^ofc, 

moo^-r ? /v^M.<Di&mmm*b®-mm.$i^*'9>-\i!> u 

[0102] o) $.tzmmzitmistzmm*25x:cpx 
±m (8) t^w^s-y-^^/u^santJisufc 

4(«Ig<0?Em?:?T/iofc 0 ^rOT^, -20^^, 2AC73^ 

mmx3. ov&xtkm lac c ^2 {c^a^w^i^^fT 

[0103] ifcKW 1 

Hi6S^ic» (2) lastfz&mmvommifi&z. mmco 
m%m,m<D i)?-<}j>.yLmmfrf£%)Kig% <o i90mAhictsa 

fco ^Sr^2^^-r o 
[0104] Jt|S0iJ 2 

(2) ld*3»t€>^«i?g^iH^ftSr, 

i-sfttbfc^ii, i?j£«sji kmm.cojjmKz.') 

tc 0 ^Sr^2tc^-r. 
[0105] itK^J 3 — 7 

mmmiv> (5) jcfcftsm^tojg-g-^^TiBsi 
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EC 


EMC 


DEC 




(vol*) 


(yoID 


<YOW) 




SO 


85 


35 




30 


36 


35 




30 


35 


35 




SO 


50 


0 


| tt«M4 


50 


0 


50 




60 


20 


20 




40 


55 


5 


; it««7 


30 


10 


60 





25T: 
(Ah) 




-20T: 

firms 

(Ah) 




1st 
(Ah) 


100th 
(Ah) 


tt) 


Sjjjjjgl 


11.6 


11.4 


9.5 


83.1 


10.3 




9.6 


9.6 


7.8 


82.1 


8.2 




12.2 


12.0 


7.1 


59.1 


10.9 




11.6 


11.4 


6.8 


60.1 


10.1 




11.3 


11.2 


9.2 


82.3 


3.4 




11.3 


11.2 


9.1 


81.1 


3.4 




11.4 


11.4 


6.9 


60.1 


10.0 j 




11.3 


11.3 


9.3 


82.3 


3.5 
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&f£®ju siistsi i kmm<njjm\zx vmm.v-'f t/vm 101071 

[O 1 O 6 J 
U£l] 



[0 10 8] m2\c^ki-1^mi»hm^A>tj:m^ ASS 

®m.fr'b£<ti:2> a —lis 255mAhSril^S Ws&VS., * 
-f*ym»-?»*lS!ffla«*#v\ 30 
[0 10 9] 4fc, «ft¥JK<O^«Effi^as0f^«>«SiaSri& 

[01 10] ^5feC0^7k*m?&f*, m»Sfi^#SroMn^ 

5fc*t'fe5i%it)ll5. WLfflKk LTLiPF. 

*J«tt/LiBF 4 S:^ffl-rS4&-g-^tt, MrH^V^igfctitfS;*: 
# V \ 40 
[Olll] &&&(D-ft.mmc}$\,^XiL MnJjrXO 

[0 1 12] *3&Wtf>-i!*:®«itt:. ^.f^/w^-tg-cfo 
5LiMn 1 0 < Sr^ffli-5S^-lcitL'r > a^ro^EScmSriS 

r tas-e#5t.gfcix5. -tote*, Pf^Avy^y 50 



[Ell] *»Wo-3felt»ffi»JiJ:5»«^^yAffl* 
-^m?l&fiO¥ffil2IS.^ftiJffilll ?r^-r HI T- S„ 

[m2] in i (c^-rm^^SBi-itKi^^n-smiiwJi 
#©«j*«r*i-«ffiia-e*>.5. 

[113] *38W3Hfi«fci5***-ft«?fiH*JVN-C 
[SI 4 ] *^0J3il60iJ^ < kS^7k^-^mj , t&lc*5»t.5 

[W#«)IftW] 

1 ±^ 

2 iSE^gg 

3 ESSS^ 

4 ASSS^- 

5 &?&Q 

6 §t P 7 A'A 

10 1a iESi (MI) 

ioib &m (mm) 
ioic as of s) 

104 -feXU— ^ 
10 5a sEmMMft 




(b) 




7ny h-<—^<nlgi^ 



*RJ»*:IRrtf «t»*K¥«P»TiaT i l # 2 *KJ8*Kffi+*K¥!!WiaT 1 1 # 2 ■» 
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^EifiF^IRrfifAKWBriHTa 1#2^ 
^EJff^cRm^ifeKWwrEgTB 1#2^- 



F^ — 5H011 AA03 BB03 KKOO KK01 KK02 
5H029 AJ02 AJ05 AK03 AL07 AL08 
AM03 AM05 BJ04 CJ08 DJ02 
HJ01 HJ02 HJ19 
5H050 AA02 AA07 BA17 CA08 CA09 
CB08 CB09 DA02 DA03 GA10 
HA01 HA02 HA04 HA 19 



